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(57) Abstract 

A device, e.g., an explosive-initiation device (24) includes a semiconductor bridge device (10) comprising semiconductor pads (14a. 
14b) separated by an initiator bridge (14c) and having metallized lands (16a, 1 6b) disposed over the pads (14a, 1 4b). The metallized 
lands (16a, 16b) each comprises a titanium base layer (18), a titanium -tungsten intermediate layer (20) and a tungsten top layer (22). This 
multilayer construction is simple to apply, provides good adhesion to semiconductor (14) and enhanced semiconductor bridge characteristics, 
and avoids electromigration problems attendant upon use of aluminum metallized lands under severe conditions of no-fire tests and very low 
hnng voltage or current levels. The semiconductor (14) may optionally be covered by a cap or cover (117) of stratified metal layer similar 
or identical to the metallized lands (16a, 16b). A method of making semiconductor bridge devices includes metal sputtering of titanium, 
then titanium plus tungsten and then tungsten onto appropriately masked semiconductor surface to attain multilayer metallized lands (16a, 
16b) and/or cover (117) of the invention. 
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SEMICONDUCTOR BRIDGE DEVICE 
AND METHOD OF MAKING THE SAME 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is concerned with semiconductor 
bridge igniters, which are useful in initiating the deto- 

10 nation of explosives- In particular, the present inven- 
tion is concerned with semiconductor bridge devices em- 
ploying multilayer metallized lands and/or a multilayer 
metallized bridge, which devices provide greatly improved 
performance characteristics as compared to prior art de- 

15 vices, and with a method of making the same. 

Related Art 

U.S. Patent 4 ,708,060 of R.W. Bickes, Jr. et al, en- 
titled "Semiconductor Bridge (SCB) Igniter" , issued on 

20 November 24, 1987, discloses a structure comprising a 

semiconductor or other suitable "electrical material" sup- 
ported upon a non-electrically-conducting substrate and 
having metallized lands formed thereon. The electrical 
material must, according to the Bickes et al patent, (col- 

25 umn 3, line 41 et seq. ) develop a temperature coefficient 
of electrical resistivity which is negative at some tem- 
perature, for example, some temperature above room temper- 
ature, such as about 100°C. Bickes et al teaches (column 
3, line 19 et seq.) that the precise temperature is not 

30 critical and that essentially all semiconductors will have 
this property at sufficiently high doping levels, as will 
some other materials, such as rare earth metal oxides 
(column 3, line 54 et seq.). Preferred doping levels for 
semiconductors are preferably essentially at or near the 

35 saturation level, for example, approximately 10 19 atoms 

per cubic centimeter. A typical doping component would be 
phosphorus atoms used for doping n-type silicon. Lower 
doping levels may also be used under appropriate condi- 
tions according to Bickes et al, for example, doping lev- 
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els lower by a factor of 2 from the above-stated satura- 
tion levels are stated to be adequate and to provide cor- 
responding resistivity values on the order of 1(T J to 
10"", for example, about 8 X 10" 4 ohm-centimeters. 

Bickes et al discloses providing the semiconductor 
or other "electrical material" in the form of two rela- 
tively large surface area pads connected by a small sur- 
face area bridge, the pads being covered by metallized 
lands which leave the bridge exposed (see Figure 1A and 
column 2, lines 40-52). Such devices are referred to as 
semiconductor bridge devices and the metallized lands pro- 
vide electrical contacts for connecting a semiconductor 
bridge device in a circuit by soldering or the like. 
15 Bickes et al disclose (column 4, lines 35-46) that such 

metallized coatings will be composed of highly electrical- 
ly conductive metals such as gold, silver, copper, alumi- 
num, etc. The semiconductor bridge device of Example 1 of 
Bickes et al employs aluminum lands. 
20 Such semiconductor bridge devices are stated to have 

the requisite characteristics for initiating an explosive 
maintained in contact with the semiconductor. As stated 
at column 2, lines 53-61 of Bickes et al, initiation of 
the explosive is believed to be caused by a combination of 
25 ignition and initiation effects, essentially a process of 
burning but also involving the formation of a thin plasma 
and a resultant convective shock effect. 



30 



SUMMARY OF THE INVENTION 
Generally, the present invention provides a semicon- 
ductor bridge device having a stratified metal layer 
thereon which may be used in a variety of applications in- 
cluding, but not limited to, an explosive-initiating de- 
vice, a localized high heat generator and a temperature- 
35 sensing device. 

Specifically, in accordance with the present inven- 
tion there is provided a semiconductor bridge device which 
comprises the following components. An electrically non- 
conducting substrate, which may comprise, e.g., sapphire, 
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silicon dioxide on silicon, or silicon nitride on silicon 
has an electrically-conducting material, e.g., a semicon-' 
ductor, which optionally may be a doped semiconductor 
5 mounted thereon. The electrically-conducting material has 
a temperature coefficient of electrical resistivity which 
is negative at a given temperature above about 20»c and 

below about 14 00°C. The electrir a n„ « * 

, . . ine ej - ectrica l-l-y-conducting material 

which may be selected from, e.g., monocrystalline silicon' 

br " 5iliC ° n ^ am ° rphOUS SUiC °- ^fines a 

and th C ° n H neCtlng 3 Pa ^ ° f spaced-apart pads. The bridge 

saoe \h 9 I S ° dimensi ° ned configured that pas- 

sage therethrough of an electrical current of selected 
characteristics releases energy at the bridge. For exam- 
5 Pie m those embodiments in which the device comprises an 
explosive initiating device, the device is designed so 
that passage of the electrical current therethrough re- 
leases at least sufficient energy to initiate an explosive 
Placed in contact with the bridge. a pair of spaced-aoart 

' I ; T l3ndS diSP ° Sed ™ » "«* ° f spaced" 

apart pads so as to leave at least a portion of the bridge 

uncovered. Each of the metallized lands comprises (J a 
base layer comprised of titanium and disposed upon its as- 
sociated pad, (ii) an intermediate layer comprised of ti- 
tanium and tungsten and disposed on its associated base 
layer, and (iii, a top layer comprised of tungsten and 
disposed on its associated intermediate layer. An elec- 

L 1 ! 31 / 011 ^'" 13 C ° nneCted t0 each of the metallic 
lands for passing an electrical current, of the selected 
characteristics through the bridge. elected 

e l„ / n0t ff r aSPSCt ° f the -vention provides for the 

T? ° ndUCtln9 material, e.g., the semiconductor 

of which bridge and pads are made, to be a hybrid materiai 
comprised of two materials; the electrically-conducting 

prefe r ra a bl 9 * * -tal layer, which 

preferably covers the entire top surface of the electric- 
ally-conducting layer, i.e., bridge and pads. The strat- 
ified metal layer comprises (i) a base layGr comprised 
titanium and disposed upon the electrically-conducting 
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semiconductor material, (ii) an intermediate layer com- 
prised of titanium and tungsten and disposed upon its as- 
sociated base layer, and (iii) a top layer comprised of 

5 tungsten and disposed on its associated intermediate lay- 
er. A pair of spaced-apart metallized lands are disposed 
on the stratified metal layer, one above each of the 
spaced-apart pads so as to leave at least a portion of the 
stratified layer of the bridge uncovered. Each of the 

10 metallized lands comprises an electrically conductive met- 
al layer that may be of the same material as the third 
(tungsten) layer on the stratified layer or of any other 
suitable electrically conductive material, for example, 
aluminum. 

15 In one aspect of the invention the surface area of 

the spaced-apart pads is sufficiently greater than the 
surface area of the bridge whereby the electrical resist- 
ance across the pads is substantially determined by the 
bridge. The electrical resistance of the bridge may be 

20 less than ten, e.g., less than three, ohms. 

Another aspect of the present invention provides the 
device to be an explosive-initiating device and for an ex- 
plosive material to be disposed in contact with the initi- 
ation bridge. 

25 In another aspect, the invention provides for the 

bridge and the pads to be so dimensioned and configured 
that passage therethrough of an electrical current of 
selected characteristics releases at the bridge sufficient 
energy to initiate an explosive placed in contact with the 

30 bridge. 

Another aspect of the invention further provides for 
the surface area of the spaced-apart pads to be suffi- 
ciently greater than the surface area of the bridge where- 
by the electrical resistance across the pads is substan- 
35 tially that of the bridge. 

Yet another aspect of the present invention provides 
for a housing enclosing the substrate, the semiconductor 
material and the metallized lands and comprising a recep- 
tacle within which the explosive is received. 
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Yet another aspect of the present invention provides 
for a hybrid device comprising the following components. 
An electrically non-conducting substrate has an electric- 
5 ally-conducting material mounted thereon. The electrical- 
ly-conducting material has a temperature coefficient of 
electrical resistivity which is negative at a given tem- 
perature above about 20°C and below about 1400°C, the ma- 
terial defining a bridge connecting a pair of spaced-apart 
10 pads, the bridge and the pads being so dimensioned and 

configured that passage therethrough of an electrical cur- 
rent of selected characteristics releases energy at the 
bridge. A stratified metal layer is disposed over the 
electrically-conducting material, preferably over the en- 
15 tire surface thereof, and comprises (i) a base layer com- 
prised of titanium and disposed upon the electrically- 
conducting material, (ii) an intermediate layer comprised 
of titanium and tungsten and disposed on the base layer, 
and (iii) a top layer comprised of tungsten and disposed 
20 on the intermediate layer. A pair of spaced-apart metal- 
lized lands are disposed one on each of the spaced-apart 
pads, and leave at least a portion of the bridge uncov- 
ered. An electrical conductor is connected to each of the 
metallized lands for passing an electrical current of the 
25 selected characteristics through the bridge. 

A method aspect of the present invention provides for 
making a semiconductor bridge device by the following 
steps. First, depositing on an electrically non-conduct- 
ing substrate, e.g., sapphire, silicon dioxide on silicon, 
30 or silicon nitride on silicon, an electrically-conducting 
material, e.g., a semiconductor, preferably a doped semi- 
conductor. The electrically-conducting material has a 
temperature coefficient of electrical resistivity which is 
negative at a given temperature above about 20°C and below 
35 about 1400°C and defines a bridge connecting a pair of 

spaced-apart pads. The bridge and the pads are so dimen- 
sioned and configured that passage therethrough of an 
electrical current of selected characteristics releases 
energy at the bridge. The method next calls for deposit- 



BNSDOCID <WO _ 9742462A 1 > 



WO 97/42462 



PCT/US97/07490 



-6- 

ing, e.g., by metal sputtering, a stratified metal layer 
over at least each of the spaced-apart pads by (i) first 
depositing a base layer comprised of titanium upon the 

5 electrically conducting material, (ii) then depositing an 
intermediate layer comprised of titanium and tungsten upon 
the base layer, and (iii) lastly depositing a top layer 
comprised of tungsten upon the intermediate layer and 
forming a metallized land over each of the spaced-apart 

10 pads. An electrical conductor is then connected to each 
of the metallized lands for passing an electrical current 
of the selected characteristics through the bridge. 

One related aspect of the method of the invention 
provides for depositing the stratified metal layer over 

15 only each of the spaced-apart pads to form a pair of 

spaced-apart metal lands while leaving at least a portion 
of the bridge uncovered. 

Another related aspect of the method of the invention 
provides for depositing the stratified layer over the 

20 electrically-conducting material including both the bridge 
and the pads, and in doing so depositing the tungsten top 
layer in a thickness greater than that required for a de- 
sired resistivity of the bridge. Thereafter, the thick- 
ness of the top layer over the bridge only is reduced (but 

25 the top layer over the bridge is not entirely removed) to 
provide a desired bridge resistivity and a pair of spaced- 
apart tungsten lands ♦ 

Still another method aspect of the present invention 
further comprises placing an explosive in contact with the 

30 bridge; other method aspects provide depositing the metals 
in the thickness proportions and compositions as described 
below. 

Other aspects of the invention are disclosed in the 
following description and in the drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic elevation view of a semicon- 
ductor bridge in accordance with one embodiment of the 
present invention ; 
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Figure 1A is a view, enlarged with respect to Figure 
1, of approximately the area of Figure 1 enclosed by the 
circle A; 

5 Figure 2 is a plan view of the semiconductor bridge 

of Figure 1; 

Figure 3 is a plan view of a typical explosive ini- 
tiation device in accordance with one embodiment of the 
present invention which includes the semiconductor bridge 
10 of Figures 1-2; 

Figure 3A is a cross-sectional elevation view taken 
along line A-A of Figure 3; 

Figure 3B is a view, enlarged with respect to Figure 
3A, of the semiconductor bridge of the explosive initia- 
ls tion device of Figure 3, and the immediately surrounding 
components thereof; 

Figure 4 is a plot showing the no-fire electrical 
characteristics of a semiconductor bridge device utilizing 
titanium/titanium-tungsten/tungsten metallized lands in 
accordance with an embodiment of the present invention; 

Figure 5 is a chart showing the no-fire electrical 
characteristics of a prior art semiconductor bridge device 
utilizing aluminum lands; 

Figure 6 is a microphotograph showing the electromi- 
25 gration of aluminum from the aluminum lands of a prior art 
device ; 

Figure 7 is a top plan view of a semiconductor bridge 
device in accordance with one embodiment of the present 
invention ; 



20 



30 



Figure 7A is an exploded section view taken along 
line A-A of Figure 7; 



Figure 8 is a partial section view of a semiconductor 
bridge device in accordance with another embodiment of the 
present invention in which the electrically-conducting 
35 layer is capped or covered by a stratified metal layer; 

Figure 8A is a view, enlarged with respect to Figure 
8, of approximately the area of Figure 8 enclosed by the 
circle A; 

Figure 9A is a view corresponding to Figure 8 of a 
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stage in the manufacture of a second embodiment of the 
present invention, in which the electrically-conducting 
layer is capped or covered by a stratified metal layer; 
5 Figure 9B shows a later stage in the manufacture of 

the second embodiment shown in Figure 9A; and 

Figure 9C is a view, enlarged with respect to Figure 
9B , of approximately the area of Figure 9B enclosed by the 
area C . 

10 

DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS THEREOF 
Referring now to Figures 1, 1A and 2, there is shown 
a semiconductor bridge device 10 comprising an electrical- 

15 ly non-conducting substrate 12 which may comprise any 

suitable electrically non-conducting material. Generally, 
as is well-known in the art, a non-conductive substrate 
can be a single or multiple component material. For exam- 
ple, a suitable non-conducting substrate for polycrystal- 

20 line silicon semiconductor material comprises an insulat- 
ing layer (e.g., silicon dioxide, silicon nitride, etc.) 
disposed on top of a monocrystalline silicon substrate. 
This provides a well-known suitable combination of materi- 
als for substrate 12. A suitable non-conducting substrate 

25 for monocrystalline silicon semiconductor materials com- 
prises sapphire, also a known suitable material for sub- 
strate 12. An electrically-conducting material compris- 
ing, in the illustrated embodiment, a heavily doped sili- 
con semiconductor 14 is mounted on substrate 12 by any 

30 suitable means known in the art, for example, by epitaxial 
growth or low pressure chemical vapor deposition tech- 
niques. As best seen in Figure 2, semiconductor 14 com- 
prises a pair of pads 14a, 14b which in plan view are sub- 
stantially rectangular in configuration except for the 

35 facing sides 14a', 14b' thereof which are tapered towards 
initiator bridge 14c. Bridge 14c connects pads 14a and 
14b and is seen to be of much smaller surface area and 
size than either of pads 14a, 14b. It is seen from Figure 
2 that the resultant configuration of the semiconductor 14 
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somewhat resembles a "bow tie" configuration, with the 
large substantially rectangular pads 14a, 14b spaced apart 
from and connected to each other by the small initiator 
bridge 14* A pair of metallized lands 16a and 16b, partly 
broken away in Figure 2 in order to partially show pads 
14a, 14b, overlie pads 14a, 14b and, in the illustrated 
embodiment, entirely cover the upper surface of the same. 
Metallized lands 16a and 16b are substantially identical 
0 and the detailed illustration of Figure 1A of a portion of 
metallized land 16a is typical also of metallized land 
16b, 

As indicated above, the prior art generally teaches 
the use of any highly electrically conductive metal for 
5 the lands 16a and 16b. Aluminum is generally preferred in 
the prior art, as illustrated by the aforementioned Bickes 
et al patent which exemplifies aluminum for the metallized 
lands, because of its low electrical resistivity, i.e., 
high electrical conductivity, relatively low cost as com- 
0 pared to other metals and ease of fabrication. Conven- 
tionally, aluminum lands are deposited by metal evapora- 
tion or sputtering techniques and must be annealed in or- 
der to lower their contact resistance and to ensure both 
proper adhesion to the semiconductor pads and bondability 
5 to wires or other electrical leads which, as described be- 
low, are connected to the lands to energize the semicon- 
ductor bridge device. However, the relatively low melting 
point of aluminum (660°C) and its chemical interaction 
with semiconductor materials (silicon in particular) at 
0 about 400°C limits the range of applications of a semi- 
conductor bridge device having aluminum lands because of 
interdif fusion effects between aluminum and the semicon- 
ductor material, and because of electromigrat ion of alumi- 
num from the metallized lands over the bridge area at ele- 
5 vated temperatures, as illustrated in Figure 6, which is 
described below. 

The electromigration phenomenon illustrated in Figure 
6 renders the semiconductor bridge device inefficient and 
in some cases ineffective, especially for semiconductor 
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bridge devices incorporating small bridges where low ini- 
tiation voltage or current pulses are needed. 

In some cases it is known to employ tungsten in place^ 
5 of aluminum for the metallized lands and in either case a 
closely-controlled deposition procedure, usually by metal 
evaporation or sputtering techniques, is necessary because 
oxide layers which grow on unprotected semiconductor sur- 
faces, such as the unprotected surfaces of silicon semi- 
10 conductor materials, adversely affect the quality of the 
metal-to-semiconductor interface by causing high contact 
resistance and poor adhesion of the metal to the semicon- 
ductor, in most cases, the deposition of aluminum or 
tungsten on silicon must be followed by the rmal annealing 
15 at or above 450°C, which has the undesirable side effect, 
in the case of aluminum, of causing a chemical reaction 
between the aluminum and the silicon. Although such chem- 
ical reaction results in a lower contact resistance, it 
results in a higher resistance of the initiation bridge. 
In the case of tungsten, such annealing tends to cause 
oxidation of the tungsten at relatively low temperatures 
which of course is problematic as it reduces the electri- 
cal conductivity of the metallized lands. 

The present invention overcomes the foregoing short- 
2 5 comings of the prior art by employing titantium and tung- 
sten in a specific combination to provide a metallized 
land comprised of layers of different metals. Specifi- 
cally, the present invention provides a multilayered met- 
allized land in which a base layer disposed upon the semi- 
30 conductor material is comprised of titanium, an interme- 
diate layer is comprised of a combination of titanium and 
tungsten and is disposed upon the base layer, and a top 
layer is comprised of tungsten and is disposed upon the 
intermediate layer. Thus, with reference to Figure 1A, 
35 the metallized land 16a is seen to comprise a base layer 
18 made of titanium, an intermediate layer 20 made of a 
combination of titanium and tungsten, and a top layer 22 
made of tungsten. The respective layers may contain trace 
amounts of other metals or even alloying amounts of other 
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metals. However, in a specific embodiment, the base layer 
18 may consist essentially of titantium, the intermediate 
layer 20 may consist essentially of titanium and tungsten 
5 and the top layer 22 may consist essentially of tungsten. 

It has been found that the multilayered metallized 
lands of the present invention overcome the electromigra- 
tion problem associated with the use of aluminum lands and 
the oxidation and deposition problems associated with the 
10 use of tungsten lands. The multilayered lands of the 
present invention need not be anneal ^ and nonetheless 
exhibit excellent properties of adhesion to the semicon- 
ductor 14, such as a highly doped silicon semiconductor 
material . 

15 In the manufacture of a semiconductor bridge device 

as illustrated in Figures 1-2, the semiconductor 14 is 
grown or deposited upon the electrically non-conducting 
substrate 12 in a manner well-known in the art to provide 
a configuration of the semiconductor 14 substantially as 
20 illustrated in Figure 2. (It will be appreciated by those 
skilled in the art that the Figures are not drawn to 
scale, for example, the thickness of the individual metal 
lands is greatly exaggerated for clarity of illustration., 
Known thermal diffusion techniques may be utilized, for 
25 example, to dope with phosphorus the silicon semiconductor 
14, which is then selectively etched in the pattern illus- 
trated in Figure 2 onto a suitable non-electrically-con- 
ducting substrate 12 such as a silicon dioxide on silicon 
or silicon nitride on silicon substrate, or a sapphire 
30 substrate. The resultant semiconductor 14 is then acid- 
cleaned and the area of the bridge 14c as seen in Figure 2 
is coated with a lift-off photoresist layer. a second 
acid dipping is then carried out to remove the native ox- 
ide from the exposed surface of the semiconductor layer 
35 and titanium is applied as base layer 18, a mixture of 

titanium and tungsten is applied as intermediate layer 20 
and tungsten is applied as top layer 22. Although any 
suitable metal deposition technique may be employed, inas- 
much as tungsten is very difficult to deposit by thermal 
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evaporation because of its very high melting point, metal 
sputtering is preferred for the tungsten deposition. in 
order to simplify the process, it is preferred to use the 
same metal sputtering technique for the titanium, which, 
however, could also readily be deposited by metal evapora- 
tion techniques. 

Example 1 

Substrates 12 have deposited thereon in the pattern 
illustrated in Figure 2 a heavily doped polycrys talline 
silicon semiconductor 14 which has a positive temperature 
coefficient of resistivity of about 0.2% ohm centimeter 
per degree centigrade at a temperature near 25 °C and ex- 
15 hibits a negative temperature coefficient of resistivity 
at a temperature of 600°C or higher. The temperature at 
which the negative temperature coefficient of resistivity 
is exhibited depends on the doping concentration of the 
silicon semiconductor 14 and can be designed to be within 
20 the range of 400°C to 1400°C, just below the melting point 
(14 12°C) of silicon. The resultant wafers are thoroughly 
acid-cleaned with hydrogen peroxide plus sulfuric acid and 
are then coated with a photoresist mask to cover their re- 
spective bridge areas 14c. The photoresist masks are then 
25 exposed and developed to protect the initiator bridges 14c 
against metal deposition. The photoresist-coated wafers 
are then dipped in a buffered hydrofluoric acid solution 
to remove the native oxide from the exposed silicon semi- 
conductor surfaces of pads 14a and 14b. This hydrofluoric 
30 acid dipping procedure is employed immediately before the 
wafers are loaded into a vacuum chamber wherein a base 
pressure of 1.3 x 10" 9 atmospheres or lower is maintained 
prior to deposition. The wafers are positioned immediate- 
ly above the sputtering target source and continuously ro- 
35 tated during the metal deposition process. The vacuum 

chamber is then backfilled with an inert gas to a deposi- 
tion pressure of about 6.5 X 10* 7 atmospheres. The tita- 
nium target is first sputtered with a deposition rate of 
about 0.7 Angstroms per second until a thickness of ap- 
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proximately 300 Angstroms of titanium is attained for base 
layer 18. Co-sputtering of titanium and tungsten targets 
is then commenced by letting the titanium sputtering con- 
5 tinue while initiating the tungsten sputtering to attain a 
combined deposition rate of about 2.4 Angstroms per second 
until a mixed titanium-tungsten intermediate layer 20 of 
about 100 Angstroms thickness is obtained. At this point 
sputtering of the titanium target is stopped and that for 
0 the tungsten target continues at a deposition rate of 
about 1.7 Angstroms per second until a desired thickness 
of tungsten of top layer 22 is attained, which will typi- 
cally be a thickness of between about 1 to 1 . 5 micrometers 
(microns). The wafers are then allowed to cool to ambient 
5 temperature from the deposition temperature and the photo- 
resist mask is then lifted from the initiator bridge 14c 
The wafers are then rinsed with acetone in an ultrasonic 
bath followed by an alcohol dip, and finally rinsed with 
de-ionized water, and tested for electrical resistance 

Preferably, the electrical resistance of the bridgl 
is less than ten ohms, more preferably less than three 
ohms, and the metallized lands 16a, 16b may completely 
cover their associated spaced-apart pads 14a, 14b. 

The semiconductor material may be selected from the" 
25 group consisting of different types of silicon crystals 

(e.g., monocrystalline, polycrystalline or amorphous sili- 
con) and may be doped with impurities such as phosphorus, 
arsenic, boron, aluminum, etc. 

Generally, in the metallized lands the thickness of 
30 the titanium base layer 18 may be from about 50 to 350 

Angstroms, preferably 250 to 300 Angstroms, the thickness 
of the titanium-tungsten intermediate layer 20 may be from 
about 50 to 200 Angstroms, preferably from about 100 to 
150 Angstroms, and the thickness of the tungsten top layer 
5 22 may be from about 0.7 to 1.5 microns, preferably 1 . 0 to 
1 . 2 microns . 

The proportions of titanium and tungsten in inter- 
mediate layer 20 may be from about 20 to 80 weight percent 
titanium and from about 80 to 20 weight percent tungsten 



20 
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preferably from about 40 to 60 weight percent ti+* n - 

^r-™ x. r r, percent titanium and 

from about 60 to 40 weight percent tungsten. 

In depositing the titanium-tungsten intermediate lay- 
5 er 20, the deposition of tungsten (and that of the tita- 
nium, may be maintained at a uniform rate throughout depo- 
sition I h intermediate l3yer 2 °- S -h constant rate depo- 
sition technique will provide a substantially constant ti- 
tanium to tungsten ratio throughout substantially the en- 
10 tire thickness of intermediate layer 20. Alternately? 
the deposition of tungsten to start the intermediate iLer 
18 may start slowly and increase in rate and the termina- 
tion of the titanium deposition may be attained by gradu- 
ally reducing the rate of deposition of titanium to zero. 
15 in this way, as an alternative to a constant proportion of 
titanium to tungsten in intermediate layer 1 8/ concentra- 
tion gradients of titanium and tungsten are attained in 
intermediate layer 20, the concentration of titanium de- 
creasing, e.g., from 100% to zero, and that of tungsten 
20 increasing, e.g., from zero to 100%, as sensed moving 
through intermediate layer 20 from base layer 18 to top 
layer 22. As another alternative in depositing interme- 
diate layer 20 to attain concentration gradients therein 
the deposition rate of tungsten may be held constant and' 
25 the deposition rate of titanium gradually reduced. m 

cases where such concentration gradients are employed, the 
claimed proportions of titanium to tungsten in intermedi- 
ate layer 20 are based on the total titanium and tungsten 
contents of the entire intermediate layer. 
30 The technique of the present invention does not re- 

quire expensive equipment or the use of toxic and expen- 
sive chemicals as is required, for example, with chemical 
vapor deposition of tungsten. Further, the present inven- 
tion avoids the necessity of depositing tungsten directly 
35 upon the semiconductor layer. Tungsten is highly sensi- 
tive to the cleanliness of typical silicon semiconductor 
surfaces and the presence of impurities often results in 
high contact resistance and poor adhesion of a tungsten 
surface directly to the silicon. The preferred sputtering 
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technique of the present invention employs two sputtering 
targets, one titanium and one tungsten, and does not gen- 
erate toxic by-products. The base layer 18 of titanium 
5 overcomes the problems associated with directly depositing 
tungsten upon the semiconductor layer and the intermediate 
titanium-tungsten layer 20 provides good adhesion of the 
titanium and tungsten layers. 

The multilayered metallized lands of the present in- 
10 vention provide a semiconductor bridge device whose no- 
fire capability has been dramatically improved because no 
low melting point metals are present in the device- The 
melting point of titanium, 1 , 660°C, is higher than that of 
silicon (1,412°C) which means that migration of titanium 
15 across the bridge to short circuit the device will not 
take place even at temperatures higher than those which 
the semiconductor layer itself can sustain. Titanium re- 
acts with silicon at about 600°C and requires at least 
about 30 minutes to fully form titanium silicide (TiSi ), 
20 which has a melting point of about 1 / 540°C and is stable 

on silicon up to a temperature of about 900°C. This means 
that even if all the titanium has reacted with silicon 
during a very long high temperature no-fire test, neither 
the titanium nor the titanium silicide will present elec- 
2 5 tromigration problems that might cause failure of the de- 
vice . 

On the other hand, tungsten has a very high melting 
point of 3,4 10°C and does not react with titanium although 
it does react with silicon at about 600°C. Even though 
30 tungsten does not present electromigration problems, plac- 
ing tungsten in direct contact with silicon results in a 
temperature-sensitive situation during no-fire tests be- 
cause a sudden change in the bridge resistance has been 
observed when such tungsten semiconductor bridge devices 
35 are at a temperature of about 600°C- However, the provi- 
sion of a titanium layer between the tungsten and the sil- 
icon in accordance with the present invention eliminates 
this temperature sensitivity because the titanium acts as 
a barrier layer between the tungsten and the silicon semi- 
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conductor material. 

By way of comparison, a typical small semiconductor 
bridge device using the prior art aluminum metallized 

5 lands cannot survive longer than about 3 to 5 seconds when 
tested in air with a constant current source of about 0.7 
amperes. However, the same device fabricated with the 
multi layered titanium/titanium- tungsten/tungsten metal- 
lized lands in accordance with the present invention and 

10 having the same initial resistance and tested under ex- 
actly the same conditions is capable of surviving for more 
than 400 seconds when tested in air with a constant cur- 
rent source of 0.7 amperes, without experiencing any phys- 
ical damage. 

15 

Semiconductor Bridges as Localized Heat Generators 

As a result of the increased thermal stability that 
the titanium/titanium- tungsten/tungsten multilayered 
structure provides to semiconductor bridge devices ( some- 
20 times below referred to as "SCBs" or, in the singular, 

"SCB" ), it is possible to generate and sustain relatively 
high temperatures (400°C to 800°C) in relatively small 
bridge areas (e.g., 15 X 36 pm) for extended periods of 
time (1 to 20 minutes) without destroying the device 
25 and/or significantly changing its electrical properties. 

For example, an SCB may be assembled with a T04 6 
header and a brass charge holder, as shown in Figures 7 
and 7A. Figure 7 shows an explosive initiating device 38 
comprising a brass charge holder 42 surmounting a T04 6 
30 header 44. Brass charge holder 42 is substantially cyl- 
indrical in shape and when mounted upon header 44 defines 
a cavity 43 within which a suitable explosive charge may 
be mounted in contact with semiconductor bridge device 40. 
Semiconductor bridge device 40 has the multi-layered ti- 
35 tanium/ti tanium-tungs ten/tungsten lands in accordance with 
an embodiment of the present invention. Electrically con- 
ductive wires 46a, 46b connect lands 48a, 48b to header 
44. Header 44a has a pair of connectors 50a, 50b to the 
tops of which wires 46a, 46b are connected at one end. 



BNSDOCID <WO _ 9742462A1 > 



10 



WO 97/42462 PCT/US97/07490 

-17- 

The other end of wires 46a, 46b are connected to, respec- 
tively, lands 48a, 48b. Connectors 50a, 50b may thus be 
connected to a source of electrical current in order to 
fire semiconductor bridge device 40. 

The device of Figures 7 and 7A, whose bridge dimen- 
sions are 15 X 36 fjm, can glow red-hot in air at a tem- 
perature of at least about 600°C for at least 2 or 3 min- 
utes under, for example, the influence of a 700 milli- 
amperes constant current. The SCB, under the influence of 
a constant current pulse, generates heat constantly until 
a thermal equilibrium situation (heat losses equal the 
heat generated) is reached or until the device reaches its 
thermal runaway point at which the device suffers irrever- 
15 sible damage and possible firing. However, if a train of 
short current pulses with an adequate amplitude and fre- 
quency is used instead to heat the SCB, then sustaining a 
given constant temperature within the specified range is 
possible. 

20 with the prior art SCBs having aluminum lands, therm- 

al interaction between aluminum and silicon occurs at tem- 
peratures as low as about 350°C. This increases the de- 
vice's electrical resistance, the heating rate being given 
by I R, and increases its susceptiblity to aluminum elec- 
25 tromigration at about 600°C, thus rendering the SCB inop- 
erable and inefficient. Application of such localized 
high heat generators can be in the form of micro-heaters, 
where high temperatures in relatively small areas (for ex- 
ample, from 100pm 2 to 1000pm 2 ) are needed as sources of 
heat energy. Conversely, the SCBs of the present inven- 
tion can be used to accurately determine high temperatures 
by monitoring current flow through them. 

The Hybrid SCB 

35 Because of the excellent thermal stability that the 

multilayered or stratified ti tanium/t itanium-tungs ten/- 
tungsten structure offers, the stratified metal structures 
of the present invention will improve SCB devices that em- 
ploy a tungsten-covered electrically-conducting layer 
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(bridge and pads) in accordance with the teachings of U.S. 
Patent 4,976,200, issued on December 11, 1990, to D.A. 
Benson et al. Benson et al shows an all-tungsten cap or 
cover over the semiconductor, to provide a hybrid semicon- 
ductor layer. Not only can the multi-layered titanium/- 
titanium- tungsten/tungsten metal structure of the present 
invention be used to provide the metal lands, but also to 
cap or cover the, e.g., silicon bridge and pads, to pro- 
vide a hybrid bridge. The thickness and resistivity of 
both the titanium/titanium-tungsten/tungsten and silicon 
layers are of critical importance in determining the per- 
formance of the resulting hybrid bridge SCB. 

Referring now to Figure 8, there is shown a view gen- 
15 erally corresponding to Figure 1 in which the components 
thereof which are identical or similar to those of Figure 
1 are identically numbered thereto, except that each num- 
ber is 100 greater than the corresponding number of Figure 
1. Thus, Figure 8 shows a hybrid semiconductor bridge de- 
20 vice 110 comprising an electrically non-conducting sub- 
strate 112 which is partially broken away in Figure 8, 
surmounted by a semiconductor 114 comprised of a pair of 
pads 114a, 114b having respective facing sides 114a', 
114b', and which are connected by a bridge 114c. The en- 
25 tire semiconductor 114, including the pad and bridge por- 
tions thereof, are covered by a cap or cover layer 117. A 
pair of metallized lands 116a, 116b made of tungsten or 
other suitable metal, e.g., aluminum, are disposed upon 
cover layer 117 and superposed above pads 114a, 114b 
30 thereof. 

One manufacturing technique for making a hybrid SCB 
device of the invention with tungsten lands is to deposit, 
e.g., by metal sputtering, the three stratified layers 
with the base layer (titanium) and the intermediate layer 
35 ( titanium/tungsten ) deposited in the same thickness over 
both the bridge and pad areas. The topmost tungsten layer 
is then deposited in a layer made thick enough, e.g., 1.5 
microns in thickness, to serve as the land areas. This is 
illustrated in Figure 9A, wherein parts which are similar 
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or identical to those of Figure 1 are identically numbered 
thereto, except that each number is 200 greater than the 
corresponding number of Figure 1. As these parts were de- 
scribed in detail with respect to Figures 1 and 8, their 
description is not repeated herein except as necessary for 
a full understanding. Thus, Figure 9a shows device 210' 
at a stage in the manufacture of the semiconductor bridge 
device 210 of Figure 9B wherein a semiconductor 214 is 
disposed upon an electrically non-conducting substrate 212 
and has formed thereon a cap or cover 217 comprised of a 
titanium base layer 218, a titanium and tungsten interme- 
diate layer 220 and a tungsten top layer 222. Layers 218 
and 220 are formed to their ultimately desired thickness 
but top layer 222 is made to a thickness t suitable for 
the metallized lands 216a and 216b. Consequently, the 
portion P of top layer 222 in the bridge area between 
lands 216a and 216b is too thick to provide the proper re- 
sistivity for the bridge B (Figure 9B). Accordingly, the 
portion P of top layer 222 is etched or otherwise treated 
to reduce it to a thickness t ' (Figure 9C) which will give 
the desired resistivity for the bridge B and form lands 
216a, 216b (Figure 9B). Typically, the thickness t ' of 
the top layer of tungsten in the area of the bridge B will 
be from about 500 to 1,500 Angstroms. 

Alternatively, the three metal layers may be deposit- 
ed over the bridge and pad areas in the respective thick- 
nesses required to impart the desired resistivity to the 
bridge. The metallized lands are then deposited, e.g., by 
metal sputtering or chemical vapor deposition, onto the 
portions of the stratified layer over the pad areas only. 
The lands, as noted above, may then be made of any suit- 
able, depositable material, e.g., tungsten, aluminum, etc. 

The structures of the devices of Figures 8 and 9B are 
thus similar to that of the Figure 1 embodiment except for 
the interposition of the respective caps or cover layers 
117, 217. m accordance with the present invention, lay- 
ers 117, 217 are, instead of the all-tungsten layer of 
U.S. Patent 4,976,200, a stratified or multi-layer which 
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is identical or similar in configuration (but not neces- 
sarily the thickness of each layer) to metallized land 16a 
as best seen in Figure 1A. Thus, as illustrated in Figure 
5 8A, layer 117 may comprise a base layer 118 of titanium, 
an intermediate layer 12 0 of titanium-tungsten and a top 
layer 122 of tungsten. The thickness of layer 117 (or 
217) may differ from the thickness of metallized land 16a; 
similarly, the thickness of the individual layers 118, 120 
10 and 122 may also differ from the thickness of the indivi- 
dual layers 18, 20 and 22. 

The improved performance of such titanium/titanium- 
tungsten/tungsten SCB is based on the excellent adhesion 
properties that the base titanium layer presents to sili- 
15 con semiconductors, the preferred bridge material, and 

that the intermediate titanium-tungsten layer presents to 
tungsten. This excellent adhesion property improves the 
flow of heat from the titanium/titanium- tungsten/tungsten 
layer into the underlying, e.g., silicon, layer of the 
20 bridge. 

With the prior art (U.S. Patent 4,976,200), use of 
expensive equipment like chemical vapor deposition reac- 
tors is needed to fabricate the tungsten-covered bridge 
SCBs. However, this does not compensate for the thermal 

25 interaction between tungsten and silicon at medium temper- 
atures (600°C to 800°C). These temperatures increase the 
interfacial tungsten-silicon contact resistance which in 
turn limits the amount of electrical energy (or heat) that 
can be transferred to the silicon semiconductor material 

30 underneath the tungsten bridge. This makes the improved 
hybrid bridge of the present invention, using the multi- 
layered titanium/titanium-tungsten/tungsten material more 
efficient that the prior art tungsten-only bridge cover as 
described in U.S. Patent 4,976,200. 

35 

Exp 1 os ive- Initiating Devices 

Referring now to Figures 3 and 3A there is shown an 
example of an explosive initiation device 24 in accordance 
with one embodiment of the present invention comprising a 
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generally cylindrical housing 26 having an open end 26a 
and a closed end 26b. The interior of housing 26 is 
threaded at the open end 26a thereof. A ceramic or metal 
5 base 28 is retained in place within housing 26 by a re- 
tainer ring 30 which has exterior threads (unnumbered) 
formed thereon and which is threadably received at the 
open end 26a of housing 26. 

A semiconductor bridge device 10, such as illustrated 
10 in Figures 1-2, is mounted upon a ceramic or metal base 
28. A pair of electrical leads 32a, 32b extend through 
apertures (unnumbered) provided at the closed end 26b of 
housing 26 and through bores (unnumbered) provided in cer- 
amic or metal base 28. Electrical leads 32a, 32b are ex- 
15 posed at the upper (as viewed in Figures 3A and 3B) sur- 
face 28a (Figure 3B) of ceramic or metal base 28, where 
they are connected in electrical conductivity relationship 
with metallized lands 16a, 16b by solder or wire bonding 
connections 34a, 34b. 
20 A suitable explosive 36 is pressed into the cup-like 

receptacle formed within retainer ring 30 at open end 26a 
of housing 26. Explosive 36 may be any suitable explo- 
sive, including relatively insensitive highly brisant ex- 
plosives, because even such insensitive explosives may be 
25 reliably initiated by the semiconductor bridge device of 
the present invention. In any case, explosive 36 is usu- 
ally provided as a compacted mass attained by pressing an 
explosive powder in place within retainer ring 30 to in- 
sure intimate contact under high pressure of explosive 36 
30 with initiator bridge 14c, as best seen in Figure 3B. For 
semiconductor bridge devices which operate at high volt- 
ages, e.g., greater than 400 volts, intimate contact be- 
tween the explosive and the initiator bridge may not be 
neces sary . 



35 



Example 2 

In order to compare a semiconductor bridge device of 
the present invention having as the metallized lands the 
layered metal structure disclosed herein with an otherwise 
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identical prior art: semiconductor bridge device in which 
the metallized lands are made of aluminum, the following 
devices were prepared. 

5 Preparation of the two types of devices was carried 

out by doping two identical samples of silicon semiconduc- 
tor material with phosphorus impurities to a uniform high 
concentration level of about 1 X 10 20 atoms/cm 3 . One of 
the samples was used to make a Type B device (prior art), 

10 which was then metallized with aluminum. Next, both lay- 
ers (aluminum and silicon) of the Type B device were 
etched and washed in order to define the length and width 
of the semiconductor bridge by using two different reti- 
cles and photoresist masks. Finally, sintering of the 

15 aluminum-silicon interface was carried out at 450°C for 30 
minutes . 

The second sample was used to make a Type A device 
in accordance with an embodiment of the present invention. 
This sample was selectively masked with photoresist and 

20 the exposed silicon film was etched and washed to define 
the width of the bridge. The lift-off photoresist tech- 
nique was then used to create a selective mask for the 
deposition of the multilayered metal structure (Ti/Ti-W/W) 
and to define the length of the bridge. Sputtering depo- 

25 sition of Ti and W was next carried out according to the 
description given above for the present invention, in 
order to deposit about a 1.5 thick layer of titanium/- 
titanium-tungsten/tungsten. The thicknesses of the re- 
spective layers were .03 titanium, .01 /jm titanium- 

30 tungsten and 1.4 6 prm tungsten. After the sputtering depo- 
sition the photoresist mask was lifted off with solvents 
resulting in a selectively metallized sample. The remain- 
ing metal on the wafer covered the contact pads for the 
semiconductor bridge and defined the length of the bridge. 

35 The semiconductor bridge itself was metal-free. 

Both the Type A and Type B devices were tested for 
electrical resistance and visually inspected for bridge 
size comparisons. Average electrical resistance for both 
types of devices was of 1.00 ± .05 ohms for a sample size 
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of approximately 1000 devices of each type. Average 
bridge size for both types of devices was of 14 ± 2/jm for 
length and width, respectively, for same sample size of 

5 approximately 1000 devices of each type. To ensure a fair 
comparison between Type A and Type B devices, however, al- 
most identical bridge size and resistance were selected 
for testing. Assembly of Type A and Type B devices into 
igniter units was done with standard T04 6 headers and 

10 brass charge holders, as shown in Figure 7. 

Type A units in accordance with an embodiment of the 
present invention, and comparative, prior art Type B units 
were tested by being subjected to no-fire and all-fire 
tests . 

15 

No-Fire Test 

For the no-fire test, the Type A and Type B units 
were placed in a holding fixture electrically connected to 
the power supply that delivered a constant current pulse. 

20 An electrical current of about 700 milliamps ( n mA" ) was 

selected and voltage probes were attached to the terminals 
of the devices and to an oscilloscope. Current was mea- 
sured from the voltage drop across a current viewing re- 
sistor of 0.105 ohm connected in series with the igniter 

25 of the unit. Voltage was directly measured across the 

semiconductor bridge. Power was calculated as the product 
of voltage times current, and energy as the time-inte- 
grated power. To carry out the no-fire test, a constant 
current pulse was passed through the type A and Type B 

30 units and the electrical and thermal response of the de- 
vices were independently measured. Both the Type A and 
Type B devices had the same initial conditions and were 
tested under exactly the same procedures ( 1 .00 ohm at an 
ambient temperature of 27°C, the same bridge size, and the 

35 same current level). The electrical responses were re- 
corded with an oscilloscope and they are shown in Figures 
4 and 5, each of which shows traces representing the con- 
stant current level, voltage, power and energy. Figure 4 
represents the electrical response of the Type A devices 
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comprising an embodiment of the present invention, whereas 
Figure 5 represents the electrical response of the Type B 
devices comprising prior art devices. The important fea- 

5 ture to observe in Figures 4 and 5 is the voltage trace 
that indirectly gives a measure of the electrical resis- 
tance of the devices and, therefore of its temperature. 
In Figure 4, the maximum voltage measured for the Type A 
unit at the end of the 5 minutes pulse was about 1.35 

10 volts, whereas in Figure 5 a voltage value of about 1.10 
volts was high enough to produce melting and electromigra- 
tion of the aluminum in the comparative Type B unit at 
about 3.5 seconds. 

Figure 6, which is more fully described below, shows 

15 the appearance of the bridge of a Type B prior art device 
after the no-fire test, which caused aluminum electromi- 
gration in the form of melted filaments that shorted out 
and dudded the device. 

2 0 Ail-Fire Test 

The all-fire test was applied to several Type A and 
Type B devices, specifically the SCB part number 51B1, 
with the purpose of determining reproducibility of func- 
tion times and energy levels. The firing of these devices 

25 consisted of discharging a high capacitor value of 21 

millifarads ( u mF ,f ), initially charged to about 4.18 volts, 
through the semiconductor bridge device. In other words, 
the capacitor voltage was maintained the same for all 
tested devices. 

30 Function time ("t f M ) and total energy needed for the 

bridge consumption { " E ( t £ ) n ) were obtained from the elec- 
trical signature of the devices during their operation. 
Average values for t f were 7.24 ^sec and for E(t f ) were 
85.3 juJ, with standard deviations of 1.007 psec and 9.32 

35 ijJ r respectively, for device Type A fabricated with the 
present invention . 

These values represent the average results from test- 
ing ten different semiconductor bridge devices and indi- 
cate a shorter t, and a lower E(t, ) values than those ob- 
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35 



tained with Al-based, Type B prior art, units of a value 
of t £ of 10 jjsec and of E(t f ) of 120 p j, respectively. 

Threshold Level 

Semiconductor bridge devices of Type A in accordance 
with an embodiment of the present invention, and Type B 
prior art devices were also characterized in terms of 
their minimum voltage (threshold level) for firing. A low 
voltage capacitor (50 pT ) discharge firing set was used to 
fire the devices by stepping the voltage from a no-go to a 
go situation (i.e., between a no-firing and a firing volt- 
age) until the voltage difference to separate the two 
cases (no-fire and fire) was at a minimum, about 0.2 
15 volts. 

From this test it was found that a voltage value of 
3.75 volts corresponded to the threshold level in air for 
Type A devices with the 50 P F capacitor discharge unit. 
This value is approximately 20% lower than that obtained 
20 for Al-based SCBs or Type B prior art devices tested in 
air and under the same conditions, i.e., on T046 headers 
and brass charge holders and wire bonded with 5 mil alumi- 
num wires, as shown in Figure 7. 

Figure 6 shows the results of electromigration of 
aluminum from aluminum lands, which is typical of what oc- 
curs with aluminum lands in Type B prior art devices which 
are subjected to a no-fire test in excess of about 3 to 5 
seconds. in Figure 6, 16a' and 16b' are aluminum metal- 
lized lands and 14c is the top surface of the initiator 
bridge area. A portion of the electrically non-conducting 
pad 14b' is visible at the right-hand side of Figure 6 and 
Ml and M2 show tendril-like growths of aluminum, resulting 
from electromigration of aluminum across bridge 14c be- 
tween lands 16a' and 16b'. The masses Ml and M2 provide a 
direct path of electrical conductivity between metallized 
lands 16a' and 16b', thereby short-circuiting initiator 
bridge 14c and impairing the performance of, or rendering 
inoperative, the semiconductor bridge device of Figure 6. 
The migration of the aluminum masses Ml and M2 over the 
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bridge results in a very low impedance state, i.e., a 
short circuit, that drastically reduces the heating rate 
of the initiator bridge 14c', which heating rate is pro- 

5 portional to I 2 R and may result in a non-fire or dud semi- 
conductor bridge igniter. The susceptibility of aluminum 
metallized lands to electromigration is particularly se- 
vere when the semiconductor bridge igniters are to be used 
in applications where high current, relatively long dura- 

10 tion no-fire safety tests, and very low firing voltage or 
current levels are needed, such as is encountered in the 
automotive, ammunition and entertainment (pyrotechnics) 
fields. The prior art aluminum metallized land semicon- 
ductor bridge devices cannot sustain such severe no-fire 

15 tests and very low firing current or voltage levels be- 
cause of the tendency of the aluminum to melt at relative- 
ly low temperatures and migrate over the bridge (as illus- 
trated in Figure 6) as the bridge heats up in preparation 
for firing. 

20 As will be apparent from the test data described 

above and illustrated in Figures 4 and 5, the titanium/- 
titanium-tungsten/tungsten multilayer metallized lands 
utilized in the devices of the present invention provide 
improved overall characteristics including all-fire and 

25 no-fire tests by avoiding the problems inherent in the use 
of aluminum lands. 

While the present invention has been described in 
detail with respect to a specific embodiment thereof, it 
30 will be appreciated by those skilled in the art that upon 
a reading and understanding of the foregoing numerous var- 
iations may be made to the illustrated embodiments which 
variations nonetheless lie within the spirit and scope of 
the appended claims. 

35 
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THE CLAIMS 

What is claimed is: 

1. A semiconductor bridge device comprising: 
an electrically non-conducting substrate; 
an electrically-conducting material mounted on 
the substrate and having a temperature coefficient of 
electrical resistivity which is negative at a given tem- 
perature above about 20°C and below about 1400°C / the ma- 
terial defining a bridge connecting a pair of spaced-apart 
pads, the bridge and the pads being so dimensioned and 
configured that passage therethrough of an electrical cur- 
rent of selected characteristics releases energy at the 
bridge ; 

a pair of spaced-apart metallised lands, one dis- 
posed on each of the spaced-apart pads and leaving at 
least a portion of the bridge uncovered, each of the met- 
allized lands comprising (i) a base layer comprised of ti- 
tanium and disposed upon its associated pad, (ii) an in- 
termediate layer comprised of titanium and tungsten and 
disposed on its associated base layer, and (iii) a top 
layer comprised of tungsten and disposed on its associated 
intermediate layer; and 

an electrical conductor connected to each of the 
metallized lands for passing an electrical current of the 
selected characteristics through the bridge. 

2. The device of claim 1 wherein the surface area of 
the spaced-apart pads is sufficiently greater than the 
surface area of the bridge whereby the electrical resist- 
ance across the pads is substantially determined by the 
bridge . 

3. The device of claim 2 comprising an explosive- 
initiating device and dimensioned and configured to re- 
lease at the bridge upon the passage of the electrical 
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current therethrough at least sufficient energy to initi- 
ate an explosive placed in contact with the bridge. 

4* The device of claim 1 comprising an explosive- 
initiation device and dimensioned and configured to re- 
lease at the bridge upon the passage of the electrical 
current therethrough at least sufficient energy to initi- 
ate an explosive placed in contact with the bridge. 

5. The device of any one of claims 1, 2, 3 or 4 
wherein the electrically non-conducting substrate is se- 
lected from the group consisting of sapphire, silicon di- 
oxide on silicon and silicon nitride on silicon. 

6- The device of any one of claims 1, 2, 3 or 4 
wherein the electrically-conducting material comprises a 
semiconductor . 

7. The device of claim 6 wherein the semiconductor 
material comprises a doped semiconductor. 

8. The device of claim 6 wherein the electrically 
non-conducting substrate is selected from the group con- 
sisting of sapphire, silicon dioxide on silicon and sili- 
con nitride on silicon. 

9. The device of claim 6 wherein the semiconductor 
material is selected from the group consisting of mono- 
crystalline silicon, polycrystalline silicon and amorphous 
s il icon . 

10. The device of any one of claims 1, 2, 3 or 4 
wherein the electrical resistance of the bridge is less 
than ten ohms . 

11. The device of any one of claims 1, 2, 3 or 4 
wherein the electrical resistance of the bridge is less 
than three ohms . 
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12. The device of any one of claims 1, 2, 3 or 4 
wherein the metallized lands completely cover their asso- 
ciated spaced-apart pads. 

13. The device of claim 3 or claim 4 further compris- 
ing an explosive material disposed in contact with the 
initiation bridge . 

14. An explosive initiating device comprising: 
an electrically non-conducting substrate; 

a semiconductor material mounted on the substrate 
and having a temperature coefficient of electrical resist- 
ivity which is negative at a given temperature above about 
20°C and below about 1400°C, the semiconductor material 
defining an initiation bridge connecting a pair of spaced- 
apart pads, the bridge and the pads being so dimensioned 
and configured that passage therethrough of an electrical 
current of selected characteristics releases at the bridge 
sufficient energy to initiate an explosive placed in con- 
tact with the bridge, the surface area of the spaced-apart 
pads being sufficiently greater than the surface area of 
the bridge whereby the electrical resistance across the 
pads is substantially that of the bridge; 

a pair of metallized lands, one disposed on a 
respective one of the spaced-apart pads while leaving at 
least a portion of the bridge uncovered, the metallized 
lands each comprising (i) a base layer comprised of titan- 
ium and disposed upon a respective one of the spaced-apart 
pads, (ii) an intermediate layer comprised of titanium and 
tungsten and disposed on a respective one of the base lay- 
ers, and (iii) a top layer comprised of tungsten and dis- 
posed on a respective one of the intermediate layers; and 

an electrical conductor connected to each of the 
metallized lands for passing an electrical current of the 
selected characteristics through the bridge* 

15. The device of claim 14 further including an ex- 
plosive disposed in contact with the bridge. 
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16. The device of claim 14 or claim 15 further com- 
prising a housing enclosing the substrate, the semiconduc- 
tor material and the metallized lands and comprising a 
receptacle within which the explosive is received. 

17. The device of claim 14 or claim 15 wherein the 
electrically non-conducting substrate is selected from the 
group consisting of sapphire, silicon dioxide on silicon 
and silicon nitride on silicon. 

18. The device of claim 14 or claim 15 wherein the 
semiconductor material is selected from the group consist- 
ing of monocrystall ine silicon, polycry stall ine silicon 
and amorphous silicon. 

19. The device of any one of claims 1, 2, 14 or 15 
wherein the intermediate layer comprises from about 20 to 
80 percent by weight titanium and from about 80 to 20 per- 
cent by weight tungsten. 

20. The device of claim 19 wherein the base layer 
consists essentially of titanium and the top layer con- 
sists essentially of tungsten. 

21. The device of any one of claims 1, 2, 14 or 15 
wherein the base layer is from about 50 to 350 Angstroms 
in thickness, the intermediate layer is from about 50 to 
200 Angstroms in thickness and the top layer is from about 
0.7 to 1.5 microns in thickness. 

22. The device of any one of claims 1, 2, 14 or 15 
wherein the metallized lands are deposited by metal sput- 
tering . 

23. A method of making a semiconductor bridge device 
comprising depositing on an electrically non-conducting 
substrate an electrically-conducting material having a 
temperature coefficient of electrical resistivity which is 



BNSDOCID <WO _9742462A1 I > 



WO 97/42462 



-31- 



PCT7US97/07490 



negative at: a given temperature above about 20 °C and below 
about 1400°C, the electrically-conducting material defin- 
ing a bridge connecting a pair of spaced-apart pads, the 
bridge and the pads being so dimensioned and configured 
that passage therethrough of an electrical current of se- 
lected characteristics releases energy at the bridge; 

depositing a stratified metal layer over at least 
each of the spaced-apart pads by (i) depositing a base 
layer comprised of titanium upon the electrically conduct- 
ing material, (ii) depositing an intermediate layer com- 
prised of titanium upon the base layer, and (iii) deposit- 
ing a top layer comprised of tungsten upon the intermedi- 
ate layer; 

forming a metallized land over each of the 
spaced-apart pads; and 

connecting an electrical conductor to each of the 
metallized lands for passing an electrical current of the 
selected characteristics through the bridge. 

24. The method of claim 23 including depositing the 
stratified metal layer over only each of the spaced-apart 
pads to form a pair of spaced-apart metal lands while 
leaving at least a portion of the bridge uncovered. 

25. The method of claim 23 including depositing the 
stratified layer over the electrically-conducting material 
including both the bridge and the pads, providing the 
tungsten top layer in a thickness greater than that re- 
quired for a desired resistivity of the bridge, and there- 
after reducing the thickness of the top layer over the 
bridge only to a reduced thickness to provide a desired 
bridge resistivity and a pair of spaced-apart tungsten 
lands . 

26. The method of claim 23, claim 24 or claim 25 in- 
cluding depositing the metallized lands by metal sputter- 
ing. 
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27. The method of claim 23, claim 24 or claim 25 in- 
cluding depositing a semiconductor as the electrically- 
conducting material . 

28. The method of claim 27 including depositing a 
doped semiconductor as the electrically-conducting mate- 
rial - 

29. The method of claim 23, claim 24 or claim 25 
wherein the electrically non-conducting substrate is se- 
lected from the group consisting of sapphire, silicon di- 
oxide on silicon, and silicon nitride on silicon. 

30. The method of claim 23, claim 24 or claim 25 
wherein the semiconductor material is selected from the 
group consisting of monocrystalline silicon, polycrystal- 
line silicon and amorphous silicon. 

31. The method of claim 23, claim 24 or claim 25 in- 
cluding depositing a combination of from about 20 to 80 
percent by weight titanium and from about 80 to 20 percent 
by weight tungsten as the intermediate layer. 

32. The method of claim 31 including depositing as 
the base layer a metal consisting essentially of titanium 
and depositing as the top layer a metal consisting essen- 
tially of tungsten. 

33. The method of claim 23, claim 24 or claim 25 in- 
cluding depositing the base layer to a thickness of from 
about 50 to 350 Angstroms, depositing the intermediate 
layer to a thickness of from about 50 to 200 Angstroms and 
depositing the top layer to a thickness of from about 0.7 
to 1.5 microns . 

34. The method of claim 23, claim 24 or claim 25 in- 
cluding placing an explosive in contact with the bridge. 
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35. The device of any one of claims 1, 2, 3 or 4 
wherein the bridge and the pads are covered by a strati- 
fied metal layer comprising (i) a base layer comprised of 
titanium and disposed upon the bridge and pads , (ii) an 
intermediate layer comprised of titanium and tungsten and 
disposed on the base layer, and (iii) a top layer com- 
prised of tungsten and disposed on the intermediate layer. 

36. A hybrid bridge device comprising: 

an electrically non-conducting substrate; 

an electrically-conducting material mounted on 
the substrate and having a temperature coefficient of 
electrical resistivity which is negative at a given tem- 
perature above about 20°C and below about 1400°C, the ma- 
terial defining a bridge connecting a pair of spaced-apart 
pads, the bridge and the pads being so dimensioned and 
configured that passage therethrough of an electrical cur- 
rent of selected characteristics releases energy at the 
bridge ; 

a stratified metal layer disposed over the elec- 
trically-conducting material and comprising (i) a base 
layer comprised of titanium and disposed upon the elec- 
trically-conducting material, (ii) an intermediate layer 
comprised of titanium and tungsten and disposed on the 
base layer, and (iii) a top layer comprised of tungsten 
and disposed on the intermediate layer; 

a pair of spaced-apart metallized lands, one 
disposed on each of the spaced-apart pads and leaving at 
least a portion of the bridge uncovered; and 

an electrical conductor connected to each of the 
metallized lands for passing an electrical current of the 
selected characteristics through the bridge. 
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FIG. 5 
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